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(54) Enclosed circuit board 
assembly 

(57) An enclosed circuit board 
assembly (10) includes two mating 
enclosure members (12,14) mounted 
to a circuit board (20) and to each 
other, which combine to isolate the 
circuit board from contact with 
undesirable foreign objects. The 
assembly is sufficiently ventilated by 
slots (44) to allow effective cooling 
of the circuit board by natural 
convection and/or forced 
convection, and the members 
(12.14) include a plurality of locking 
fingers (50) which attach to the 
circuit board. A plurality of pry holes 
(42) provide an effective means of 
removing the assembly when 
mounted between similar assemblies. 
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SPECIFICATION 

Enclosed circuit board assembly 

5 The present invention relates to enclosures for 
electronic circuit boards, and particular relates 
to a protective covering for such boards 
which effectively isolates the circuit board 
within a computer, is sufficiently ventilated to 

10 allow effective cooling of the circuit board by 
natural convection and/or forced convection, 
and provides an effective means of removing 
the circuit board and covering when mounted 
between similar assemblies. 

15 In computer operation, especially personal 
computer operation, it is often desirable to 
provide modems which allow a computer to 
send and receive data across conventional 
telephone lines. As known in the art, and to 

20 most users of computers, modems {a contrac- 
tion for modulator/demodulator) are devices 
which convert digital signals from a computer 
or terminal into a modulated signal appropriate 
for transmission across conventional telephone 

25 lines. Most modems for personal coniputer 
use a modulation technique which is appropri- 
ate for transmission over the relatively narrow 
usable bandwidth of conventional phone lines. 
Many personal computers in use today have 

30 a hardware architecture by which peripheral 
devices are connected to expansion slots on 
the mother board of the computer, as op- 
posed to serial or parallel parts with plug con- 
nections which are external to the computer 

35 cover. A number of peripherals or expansion 
devices may be inserted into the expansion 
slots and the norma! cover for the computer 
can be replaced. This arrangement allows the 
user to expand the capabilities of the com- 

40 puter without a corresponding expansion of 
the number of boxes and cables lying about at 
the computer installation site. 

In the marketing of personal computers, a 
trade-off is often necessary between the phy- 

45 sical size of the computer and the number of 
expansion slots made available to the user. 
Therefore, inter-slot spacing in such com- 
puters is kept to a practical minimum. Mo- 
dems and other devices constructed upon a 

50 single circuit board which occupy only a single 
expansion slot of a small computer are de- 
sired by users. 

As previously discussed, modems provide 
an interface between the computers a tele- 

55 phone network. However, telephone networks 
typically operate on a relatively low voltage 
(48 volts) compared to the operating voltage 
supplied to the computers (120-240 volts). 
Therefore it Is imperative that the computer 

60 supply voltage be sufficiently isolated from the 
telephone network, in order to avoid damage 
to the telephone network. Consequently, vari- 
ous regulation schemes have been propagated 
to control the design and manufacture of mo- 

65 dems. 



One such regulation scheme is that promul- 
gated by the British Board of 
Telecommunications (BAST), In the United ' 
Kingdom. This scheme requires that modems 

70 designed for connection to the phone network 
be enclosed by a cover having restricted vent 
hole sizes. Although it is probable that such a 
scheme was intended only for modems exter- 
nal to the computer, or "stand-alone" mo- 

75 dems, nevertheless the scheme has been in- 
terpreted to apply to internal modems. 

The BABT regulations require the above-ref- 
erenced type of housing to enclose the tele- 
phone line interface portion of the circuit in 

80 question. However, the inventors of the pre- 
sent invention have found it is preferable, al- 
though not necessary, to provide an enclosure 
for the complete circuit board. This allows the 
modem designer to subsequently alter the lay- 

85 out of components on the computer side and 
telco side of the telephone line interface with- 
out requiring redesign of the bureaucratically 
required enclosure. 
As referenced above, typical small com- 

90 puters with expansion slot architecture have 
predetermined inter-slot spacing which is as 
narrow as practically possible. Most typical 
circuit boards are of relatively small thickness 
with repect to the available inter-slot spacing. 

95 Therefore, users of such computers can nor- 
mally extract circuit boards inserted into ex- 
pansion slots by gripping portions of the rela- 
tively thin circuit board and pulling them up- 
ward. Expansion slot connectors generally re- 
100 quire significant insertion force to insert the 
board, and therefore grip the inserted board 
rather tightly. This is done in order to insure 
the integrity of the electrical contacts at the 
circuit board/interface slot connection. How- 
105 ever, once a significant portion of the board Is 
encased in a plastic housing, two problems 
arise with respect to removal of the circuit 
board. The first is the fact that most plastics 
exhibit a rather low coefficient of friction with 
110 human fingers, and thus it is difficult to grip 
the plastic housing with sufficient force to pull 
the circuit board/enclosure assembly out of 
the slot. Secondly, use of a plastic enclosure 
over the board will normally (as it does in the 

1 1 5 case of the preferred embodiment of the pre- 
sent invention) cause the board/ enclosure as- 
sembly to occupy almost the entire available 
inter-slot spacing. Therefore, even if the 
above-noted problem with friction could be 

120 overcome by the user, it is difficult to lower 
one's fingers on the surface of the enclosure 
sufficiently to get a good grip on the board to 
extract It in situations where adjacent expan- 
sion slots are also occupied. 

125 Therefore it may be seen that a need has 
existed for a compact modem circuit board 
enclosure which satisfies the aforementioned 
regulations, is configured to be readily inserted 
and removed from a standard expansion stan- 

130 dard slot within a computer, and provides 
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adequate ventilation for the circuit board. 

The present invention solves problems in 
the prior art in that it provides a compact 
modem circuit board enclosure which satisfies 
5 regulations such as those promulgated by the 
BABT in the United Kingdom, is configured to 
be readily inserted and removed from a stan- 
dard expansion standard slot within a com- 
puter, and provides adequate ventilation for 

10 the circuit board. 

Generally described, the invention Is an im- 
proved protective enclosure for enclosing an 
electrical circuit board defining a first face and 
a second face, the enclosure comprising a 

15 first cover for at least partially concealing the 
first face, and a second cover for at least 
partially concealing the second face, the im- 
provement characterized by a first engagement 
means operably associated with said first 

20 cover for engaging an edge of said circuit 
board; a second engagement means operably 
associated with said second cover for engag- 
ing an edge of said circuit board; such that 
said first cover and said second cover means 

25 combine to at least partially enclose said cir- 
cuit board. 

Stated somewhat more particularly, the im- 
provement is further characterized by at least 
one of said first and second engagement 
30 means being selectively detachable from said 
circuit board. 

Stated somewhat more particularly, the im- 
provement is further characterized by said first 
and second engagement means such including 
35 at least one locking finger extending from said 
first cover and said second cover, respec- 
tively. 

Stated somewhat more particularly, the im- 
provement is further characterized by said 

40 locking finger extending from said first cover 
also extending over an edge of said circuit 
board to bias against said second side of said 
circuit board, and said locking finger extending 
from said second cover and extending over an 

45 edge of said circuit board to bias against said 
first side of sard circuit board. 

Stated somewhat more particularly, the im- 
provement is further characterized by at least 
one pry cavity being defined by said protec- 

50 tive enclosure, such that said enclosure may 
be removed from a row of similarly mounted 
circuit boards. 

By providing the above generally described 
structure, the present invention overcomes the 

55 above-noted problems which arise from the 
somewhat irrational application of the BABT 
enclosure regulations for devices which inter- 
face to the telephone line. Such regulations 
make perfect sense when applied to stand- 

60 alone external devices. However, the applica- 
tion of the regulations to the environment of a 
modem for plugging into an extension slot, 
which is completely enclosed within the nor- 
mal case or housing of a computer during 

65 mormal use. has led to the design problems 



described in the background of the invention. 
By providing the above-described pry cavity, 
the user has an available portion of the enclo- 
sure to grip when the modem must be re- 

70 moved from the computer and yet the lateral 
extent of the structure is limited to the space 
available for a board occupying a single ex- 
pansion slot. 
Figure 1 is a pictorial illustration of the en- 

75 closed circuit board assembly of the present 
invention. 

Figure 2 is an exploded view of the en- 
closed circuit board assembly of Fig. 1 . 

Figure 5 is a partial pictorial illustration of 
80 the enclosed circuit board assembly in an in- 
stalled position between two typical enclo- 
sures. 

Referring now in more detail to the draw- 
ings, in which like numerals indicate like parts 
85 throughout the several views. Fig. 1 shows an 
assembled enclosed circuit board assembly 10 
including a component side enclosure member 
12, a foil side enclosure member 14, a circuit 
board (not shown in Fig. 1) a mounting 
90 bracket 16, and an external connecting cord 
18. Referring now to Fig. 2, it may be seen 
that the component side enclosure member 
1 2 encloses the side of the circuit board 20 
which supports various electronic components, 
95 such as transformers, resistors, microproces- 
sors, diodes, capacitors, etc. Similarly, the foil 
side enclosure member 14 encloses the side 
of the circuit board 20 which supports a plu- 
rality of traces of conductive metal (not 

100 shown), which connect pins and component 
leads extending through the circuit board from 
the electronic components to electronically in- 
terconnect the circuit components. Therefore 
it may be seen that the component side and 

105 foil side enclosure members 12, 14, combine 
to substantially enclose the circuit board 20. 

It should be understood the enclosed circuit 
board assembly 10 is typically mounted with 
personal computers such as those manufac- 

110 tured by International Business Machines. 

When so mounted, the enclosed circuit board 
assembly 10 is typically mounted as shown In 
Fig. 3, with the primary planar surfaces of the 
circuit board being vertical. 

1 15 Referring now to Fig. 2, the component side 
enclosure member 12 includes a cover plate 
30, a lower wall 32, an upper wall 34, and 
end walls 36, 37. The cover plate 30 defines 
a transformer hole 38, a speaker hole 40, and 

120 pry slots 42. The lower wail 32 extends away 
at a right angle from the lower edge of the 
the the cover plate 30 and defines a plurality 
of ventilation slots 44. 
The upper wall 34 extends away from the 

125 upper edge of the cover plate 30 at a right 
angle and is substantially parallel to the lower 
wall 32. The upper wall 34 defines a plurality 
of ventilation slots (not shown), and includes 
two locking fingers 50 extending at right 

130 angles to the upper wall and parallel to the 
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cover plate 30. As discussed in further detail 
later in this description, the locl<ing fingers 50 
are configured to lock to the circuit board 20 
and maintain a relatively rigid but detachable 
5 connection between the component side en- 
closure member 12 and the circuit board. 

The end walls 36, 37, of the component .. 
side enclosure member 12 extend away at 
right angles from the end edges of the cover 

10 plate 30, and also intersect the upper and 
lower walls 32, 34, to form four corner edges 
54 of the component side enclosure member 
12. The end wails 36, 37, also define a plu- 
rality of ventilation slots 44. 

15 Referring now to Fig. 1, reinforcement ribs 
58 are provided on the circuit board side of 
the cover plate 30, and provide increased rigi- 
dity to the component side enclosure member 
12. 

20 Referring now to Fig. 2, the foil side enclo- 
sure member 14 includes a lower plate 60, 
and an upper wall 62 extending at a right 
angle from the upper edge of the lower plate. 
Three locking fingers 66 extend at right angles 

25 from the upper edge of the lower plate 60, 
and are configured to lock the circuit board 
20 and maintain a relatively rigid but detacha- 
ble connection between the foil side enclosure 
member 14 and the circuit board. Ribs 68 are 

30 provided in the lower plate 60 to provide in- 
creased rigidity to the foil side enclosure 
member 14. 

The circuit board 20 is substantially planar, 
has an upper edge 21, a bracketed edge 22. 

35 and supports the previously-discussed elec- 
tronic components, denoted generally as 70, 
and particularly including a speaker 72, and a 
transformer 74. The circuit board 20 also in- 
cludes a mounting tab 76 including a plurality 

40 of contact pads 78, which are electrically 
linked to the electronic components 70. As 
discussed later in this description, when the 
enclosed circuit board enclosure 10 is installed 
into a computer (not shown), the contact pads 

45 78 contact cooperating contact brushes (not 
shown) in the computer, thus providing an 
operable connection between the computer 
and the electronic components 70 on the cir- 
cuit board 20^; 

50 The mounting bracket 16 is platelike, and 
includes a guide tab 80, a cord hole 82, and 
a slotted flange 84, which extends at a right 
angle from the mounting bracket. 
Referring now to Fig. 1 , the connecting cord 

55 18 extends through the cord hole 82 in the 
mounting bracket 16, and allows for connec- 
tion of the electronic device within the circuit 
board enclosure to a device external to the 
personal computer, such as a phone line, hard 

60 disk drive, or printer. In the preferred embodi- 
ment, the connecting cord is connected to a 
telephone subscriber tine. 

Assembly of the enclosed circuit board as- 
sembly 10 is now discussed. The mounting 

65 bracket 16 is fastened to the circuit board 20 



by riveting or other fastening means known in 
the art, such that the mounting bracket ex- 
tends along the bracketed edge 22 of the cir- 
cuit board, and such that the primary planar 

70 surfaces of the mounting bracket are substan- 
tially perpendicular to the primary planar sur- 
faces of the circuit board. 

The component side enclosure member 12 
is placed on the circuit board 20 such that the 

75 component side of the circuit board is sub- 
stantially concealed, the speaker 72 and the 
transfonmer 74 extend through the speaker 
hole and transformer hole 40, 38, respec- 
tively, and the locking fingers 50 engage the 

80 upper edge 21 of the circuit board. The foil 
side enclosure member 14 is placed on the 
circuit board such that the foil side of the 
circuit board 20 is concealed, and the locking 
fingers 66 engage the upper edge 21 if the 

85 circuit board. The screw holes in the compo- 
nent side enclosure 12, the circuit board 20, 
and the foil side enclosure 14 are then placed 
in alignment such that screws 86 may be in- 
stalled. 

90 When the enclosed circuit board assembly 
10 is fully assembled, the mounting bracket 
16 is outside, and adjacent to end wall 37, 
and the mounting tab 76 extends from the 
bottom of the enclosed circuit board as- 
95 sembly. Fig. 3 shows the particular tnteriock- 
ing relationship of the locking fingers 50, 66, 
of the assembled enclosed circuit board as- 
sembly 10. The locking fingers 50 extend 
from the upper wall 34 of the component side 

100 enclosure member 12, and grasp the upper 
edge 21 of the circuit board. Similarly, the 
locking fingers 66 extend from the upper wall 
62 of the foil side enclosure member 14, and 
similarly grasp the upper edge 21 of the cir- 

105 cuit board 20, but from the opposite side than 
the locking fingers 50. Therefore it may be 
seen that the locking fingers 50, 66, of the 
component side enclosure member and the 
foil side enclosure member 12, 14, respec- 

110 tively, combine to grasp the upper edge 21 of 
the circuit board 20, and maintain the upper 
edge 21 in a spaced-apart relationship be- 
tween the enclosure members 12, 14. 
Installation of the enclosed circuit board as- 

1 15 sembly is now discussed. Referring now to 
Fig, 3, the enclosed circuit board assembly 10 
is installed in a computer (not shown) such 
that the mounting tab 76 fits within a corre- 
sponding slot (not shown) in the computer 

120 and the contact pads 78 on the mounting tab 
are in contact with contact brushes (not 
shown) in the computer to allow cooperation 
between the computer and the circuit board 
as previously discussed. The guide tab 80 of 

125 the mounting bracket fits within a correspond- 
ing anchoring slot (not shown) defined by the 
frame of the computer for additional stability. 
When the enclosed circuit board assembly 10 
is in position^ the slotted flange 84 of the 

1 30 mounting bracket 1 6 is rigidly secured to the 
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a frame member 87 (shown in phantom) of 
the computer by means of screws 88. 

As space within computers is normally at a 
premium, it is common to mount such circuit 
5 boards in a "sandwiched" relationship, such 
that the planar surfaces of the circuit board 
are substantially parallel. Fig. 3 shows a typi- 
cal sandwiched mounting configuration of the 
enclosed circuit board assembly 10 between 

10 two typical devices 90, 92. Devices 90 and 
92 are shown in block form in Fig. 3 to 
generally represent the lateral space occupied 
by adjacent crcuit boards in a typical environ- 
ment of the preferred embodiment. It should 

15 be understood that normally devices 90 and 
92 will be physically embodied by circuit 
boards populated with electronic components 
as very few computer systems will have more 
than one modem or other telco connected de- 

20 vice embodying the present invention installed. 
It may be seen that this compact mounting 
configuration could present problems in re- 
moving the enclosed circuit board assembly 
from within the enclosures 90, 92. However, 

25 the pry slots 42 provided in the component 
side enclosure provide an effective means of 
prying the enclosed circuit board assembly 
ifrom within the other circuit board enclosures. 
A screwdriver 95 {shown in phantom), or 

30 other similar prying tool may be used to en- 
gage the pry holes 42, to force the enclosed 
circuit board assembly 10 from its mounted 
position. 

When the enclosed circuit board assembly 

35 is installed, the ventilation slots 44 in the en- 
closed circuit board assembly 10 are posi- 
tioned such that air may flow through the en- 
closed circuit board assembly through natural 
convection and/or forced convection, so that 

40 there is minimal risk of overheating of the cir- 
cuit board during operation. However, these 
slots are small enough to prevent stray wires 
human fingers, etc, from contacting compo- 
nents within the enclosure. The size of the 

45 ventilation slots 44 is often dictated by appli- 
cable safety codes or regulations. In the pre- 
ferred embodiment of the present invention, 
which IS particularly suited for applications in 
the United Kingdom, the width of the slots is 

50 0.125", and the length is 0.325". However, it 
should be understood that other slot configu- 
rations or dimensions may be utilized while 
remaining within the spirit and scope of the 
present invention. 

55 Therefore it may be seen that the present 
invention provides an effective circuit board 
enclosure which effectively isolates the circuit 
board within a computer, is sufficiently venti- 
lated to allow effective cooling of the circuit 

60 board by natural convection and/or forced 
convection, and may be easily removed when 
mounted between similar enclosures. 

U should be understood that the foregoing 
related only to a preferred embodiment of the 

65 present invention, and that numerous modifi- 



cations or alterations may be made therein 
without departing from the spirit and scope of 
the present invention as set forth in the ap- 
pended claims. 

70 While the invention has been described in 
detail with particular reference to the disclosed 
embodiments, it will be understood that varia- 
tions and modifications can be effected within 
the spirit and scope of the invention as de- 

75 fined by the appended claims. 

CLAIMS 

1 . In an improved protective enclosure for 
enclosing an electrical circuit board defining a 

80 first face and a second face, said enclosure 
comprising a first cover for at least partially 
concealing said first face, and a second cover 
for at least partially concealing said second 
face, the improvement characterized by: 

85 a first engagement means operably associ- 
ated with said first cover for engaging an 
edge of said circuit board; 

a second engagement means operably asso- 
ciated with said second cover for engaging an 

90 edge of said circuit board; 

such that said first cover and said second 
cover means combine to at least partially en- 
close said circuit board. 

2. in the protective enclosure of Claim 1, 
95 wherein said improvement is further character- 
ized by at least one of said first and second 
engagement means being selectively detacha- 
ble from said circuit board. 

3. In the protective enclosure of Claim 2, 
100 wherein said improvement is further character- 
ized by said first and second engagement 
means each including at least one locking fin- 
ger extending from said first cover and said 
second cover, respectively. 

105 4. In the improved protective enclosure of 
claim 3, wherein said improvement is further 
characterized by said locking finger extending 
from said first cover also extending over an 
edge of said circuit board to bias against said 

110 second side of said circuit board, and said 
locking finger extending from said second 
cover and extending over an edge of said cir- 
cuit board to bias against said for side of said 
circuit board. 

115 5. In the protective enclosure of Claim 4, 
wherein said improvement is further character- 
ized by said first and second engagement 
means engaging a common edge of said cir- 
cuit board. 

120 6. In the protective enclosure of Claim 1, 
wherein said improvement is further character- 
ized by said first and second engagement 
means engaging a common edge of said cir- 
cuit board. 

125 7. In the protective enclosure of Claim 6, 
wherein said improvement is further character- 
ized by at least one of said first and second 
engagement means being selectively detacha- 
ble from said circuit board. 

130 8. In the protective enclosure of Claim 7. 
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wherein said improvement is further character- 
ized by said first and second engagement 
means each including at least one locking fin- 
ger extending from said first cover and said 
5 second cover, respectively. 

9. In the protective enclosure of Claim 1, 
wherein said improvement is further character- 
ized by at leaist one pry cavity being defined 
by said protective enclosure, such that said 

10 enclosure may be removed from a row of 
similarly mounted circuit boards. 

10. In the improved protective enclosure 
as claihied in Claim 9, said circuit board in- 
cluding a component side and a foil side, and 

15 said protective enclosure including a compo- 
nent side enclosure member and a foil side 
enclosure member, wherein said improvement 
is further characterized by said pry cavity be- 
ing defined by said component side enclosure 

20 member. 

11. In the improved protective enclosure 
as claimed in Claim 10, wherein said improve- 
ment is further characterized by: 

a) said circuit board having a substantially 
25 planar mounting tab extending therefrom, said 

mounting tab protruding from said enclosure 
and configured for insertion Into a slot defined 
by a base member; 

b) at least one pry cavity being defined by 
30 said protective enclosure, said pry cavity hav- 
ing a mouth lying in a plane substantially par- 
allel to the planar surfaces of said mounting 
tab, such that said enclosure and said circuit 
board may be removed from said base mem- 

35 ber along a second axis substantially parallel 
to the planar surfaces of said mounting tab by 
a pry tool having one end inserted into said 
pry cavity and exerting force along a third axis 
substantially parallel to said second axis. 

40 12. In the improved protective enclosure 
as claimed in Claim 11, wherein said improve- 
ment is further characterized by said circuit 
board being substantially planar, said mounting 
tab extending from an edge of said circuit 

45 board, and said second axis being substan- 
tially normal to the planar surfaces of said 
circuit board. 

13. In the improved protective enclosure 
as claimed in Claim 9. wherein said improve- 

50 ment is further characterized by; 

a) said circuit board having a substantially 
planar mounting tab extending therefrom, said 
mounting tab protruding from said enclosure 
and configured for insertion into a slot defined 

55 by a base. member; 

b) at least one pry cavity being defined by 
said protective enclosure, said pry cavity hav- 
ing a mouth lying in a plane substantially par- 
allel to the planar surfaces of said mounting 

60 tab, such that said enclosure and said circuit 
board may be removed from said base mem- 
ber along a second axis substantially parallel 
to the planar surfaces of said mounting tab by 
a pry tool having one end inserted into said 

65 pry cavity and exerting force along a third axis 



substantially parallel to said second axis. 

14. In the improved protective enclosure 
as claimed in Claim 1 1 , wherein said improve- 
ment is further characterized by said circuit 

70 board being substantially planar, said mounting 
tab extending from an edge of said circuit 
board, and said second axis being substan- 
tially normal to the planar surfaces of said 
circuit board. 

75 15. A protective enclosure for enclosing an 
electric circuit board substantially as described 
herein with reference to and as illustrated in 
the accompanying drawings. 
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